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Comparison of posterior fossa decompression
with and without duraplasty for the surgical
treatment of Chiari malformation type | in adult
patients

A retrospective analysis of 103 patients
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Abstract
Chiari malformation type | (CM-I) is a congenital neurosurgical disease about the herniation of cerebellar tonsil through the foramen |
magnum. A variety of surgical techniques for CM-I have been used, and there is a controversy whether to use posterior fossa
decompression with duraplasty (PFDD) or posterior fossa decompression without duraplasty (PFD) in CM-| patients. Here, we
compared the clinical results and effectiveness of PFDD and PFD in adult patients with CM-I. The cases of 103 adult CM-| patients
who underwent posterior fossa decompression with or without duraplasty from 2008 to 2014 were reviewed retrospectively. Patients
were divided into 2 groups according to the surgical techniques: PFDD group (n=70) and PFD group (n=33). We compared the
demographics, preoperative symptoms, radiographic characteristics, postoperative complications, and clinical outcomes between
the PFD and PFDD patients. No statistically significant differences were found between the PFDD and PFD groups with regard to
demographics, preoperative symptoms, radiographic characteristics, and clinical outcomes(P > 0.05); however, the postoperative
complication aseptic meningitis occurred more frequently in the PFDD group than in the PFD group (P=0.027). We also performed a
literature review about the PFDD and PFD and made a summary of these preview studies. Our study suggests that both PFDD and
PFD could achieve similar clinical outcomes for adult CM-| patients. The choice of surgical procedure should be based on the
patient’s condition. PFDD may lead to a higher complication rate and autologous grafts seemed to perform better than
nonautologous grafts for duraplasty.

Abbreviations: CM-| = Chiari malformation type |, CTD = cerebellar tonsillar descent, MRI = magnetic resonance imaging, PFD =
posterior fossa decompression without duraplasty, PFDD = posterior fossa decompression with duraplasty, PUMCH = Peking
Union Medical College Hospital, TBS = tonsillar blackout sign.

Keywords: Chiari malformation type |, duraplasty, posterior fossa decompression

1. Introduction etiology of Chiari malformations. To our knowledge, several

theories have been proposed for the pathogenesis.*! Sarnat!"!
“Chiari malformation” refers to the downward displacement of ~ suggested that primary defects in the genetic programming
the cerebellar tonsil through the foramen magnum into the upper ~ of hindbrain segmentation and of growth of associated bones
part of the spinal canal."»?! No consensus exists regarding the  and cranial structures results in Chiari malformations. The
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hydrodynamic pulsion theory suggests that Chiari malformations
are caused by early progressive fetal hydrocephalus pushing
down on the brainstem and cerebellum."”’ Some scholars believe
that defective closure of the neural tube during early fetal
development results in the leakage of cerebrospinal fluid (CSF),
which leads to insufficient distention of the embryonic ventricular
system and results in a small posterior fossa and cerebral
disorganization.! Recently, Kong et al'”! presented a new
explanation called “evolutional mismatch” or “evolutional
inconformity.” This theory suggests that the development of
the posterior fossa volume does not match the increasing brain
size, which leads to anatomic anomalies of the cerebellum,
brainstem, and craniocervical junction, with downward displace-
ment of the cerebellum, alone or together with the lower medulla
into the spinal canal.

Among the subtypes of Chiari malformation, Chiari malfor-
mation type I (CM-I) is identified most commonly in adulthood
and is defined by the degree cerebellar tonsillar extension below
the basionopisthion line on sagittal and coronal magnetic
resonance images.!*! However, the clinical manifestations often
appear in young individuals, and the standard for diagnosing
CM-1 is different for people younger than 15 years of age than
that for individuals older than 15 years of age.l!! In patients
younger than 15 years, CM-I is defined as cerebellar tonsillar
extension greater than 5 mm, whereas in patients older than 15
years, CM-I is defined as extension greater than 6 mm.!!

Despite the fact that many surgical modalities for Chiari
malformation have been used in clinical practice, controversy
still exists. Two main types of surgical modalities have
been advocated for the treatment of CM-I. One type is
posterior fossa decompression with or without duraplasty
(PFDD or PFD, respectively) and the other is reduction of the
syrinx cavity using different types of shunt procedures.!®’!
Posterior fossa decompression still remains the primary surgical
technique for the treatment of CM-I because the shunt
technique produces a risk of iatrogenic spinal cord injury.[*~1?!
Extensive work has been performed concerning PFDD and
PFD.”13717 However, whether duraplasty is performed during
posterior fossa decompression remains controversial. Most
studies in this area have been conducted in pediatric patients. In
order to identify the different surgical outcome between PFDD
and PFD in adult patients, we retrospectively studied the
clinical data of 103 CM-I patients who had undergone
operations from 2008 to 2014.

2. Methods

2.1. Hospital

Peking Union Medical College Hospital (PUMCH) is a class A
tertiary comprehensive hospital committed to delivering state-of-
the-art clinical care, innovative scientific research, and rigorous
medical education. The neurosurgery department in PUMCH has
24 faculties and 49 inpatient beds, with an average annual
admission of 1400 patients.

2.2. Patients

A retrospective study of consecutive CM-I patients and their
procedures from 2008 to 2014 was performed in the Neurosur-
gery Department of Peaking Union Medical College Hospital. All
patients were older than 18 years of age. We excluded patients
with other types of Chiari malformations and a history of severe
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diseases such as coronary artery atherosclerosis and hepato-
sclerosis. A retrospective study of 103 patients met the inclusion
criteria and was reviewed in this study. Criteria for inclusion were
age above 18 years; CM-I with or without syringomyelia in
magnetic resonance imaging (MRI) examination; and absence of
other craniovertebral junction malformation/tumor/infection/
trauma. All of the patients underwent PFD or PFDD, and their
medical records and radiographic characteristics including MRI
and computed tomography were reviewed and compared.

All data were anonymously analyzed with individual patient
consent in this retrospective study. This study protocol was
approved by the institutional review boards at PUMCH and
Peaking Union Medical College.

2.3. Demographics and preoperative symptoms

The details reviewed from medical records reviewed included sex,
age, symptom duration, the total duration of the hospital stay, the
duration of the postoperative hospital stay, and preoperative
symptoms. The preoperative symptoms were divided into 3 main
categories according to the presence or absence of symptoms and
signs specific to Chiari syndrome on the Chicago Chiari Outcome
Scale as follows: pain symptoms, nonpain symptoms, and
functionality conditions.*® Pain symptoms included headache,
neck and back pain, and upper extremity pain. Nonpain
symptoms included sensory loss, numbness and tingling, muscle
weakness, extremity paresthesia, dysphagia, dizziness, ataxia,
and others. Preoperative functionality conditions were classified
as unable to attend, moderate impairment, mild impairment, and
fully functional.

2.4. Radiographic characteristics

An initial MRI examination with contrast was performed before
or on arrival at the Neurosurgery Department. CM-I was
stratified into 3 subgroups according to the cerebellar tonsillar
descent (CTD)7! as follows: grade 1, the tonsil descended
more than 5mm below the foramen magnum but did not reach
the C1 arch; grade 2, the tonsil reached the C1 arch; and grade 3,
the tonsil descended over the C1 arch (Fig. 1). The location of the
syrinx was classified as none, cervical, or beyond cervical.

2.5. Surgical procedure

The indications for surgical treatment were as follows: MRI
confirmed CM-I; and patients presented with related symptoms.
The specific surgical procedure (PFD or PFDD) was chosen by
each surgeon on the basis of training and personal preference. No
surgeon performed both procedures in this series. All patients
were administered general anesthesia and placed in the prone
position with slight flexion of the neck using 3-point Mayfield
fixation. The skin, subcutaneous tissues, and occipital and
paraspinal muscle were cut through with a midline incision
extending from the occipital protuberance to the C2 spinous
process. In some PFDD cases, the occipital fascia was left intact
for duraplasty use. The incision exposed the edge of the occipital
bone, atlantoaxial posterior arch, spinous process, and lamina.
The inferior part of the occipital bone, the posterior lamina of C1,
and the tip of the spinous process of C2 were removed to achieve
a bony decompression (approximately 4cm x4cm). After
decompression, a thick fasciculation-like tissue that compressed
the dura was observed. The thick fasciculation-like tissue was
removed, and the dura was incised carefully through the midline
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Figure 1. A 24-year-old CM-I male patient underwent PFDD. (A) Preoperative T1-weight image shows that CM-| with a syrinx C3 to T3. (B) One month follow-up
MR examination shows slight resolution of the syrinx. (C) One year follow-up MR examination shows a wide cistern magna and slight regression of the syrinx. CM-1=
Chiari malformation type I, PFDD = posterior fossa decompression with duraplasty.

under a microscope. After opening the dura, the lower pole of the
cerebellar tonsil and the cervical spinal cord were exposed. In
some cases, the arachnoid had scarring and adhesions and
required a sharp dissection. Then, dural grafting was performed
with the occipital fascia or artificial dura. Finally, the outer layers
were sutured step-by-step to achieve anatomical reduction.

2.6. Follow-up and outcomes

We assessed clinical outcomes at the 1-month and 1-year follow-
up visits separately. The general postoperative outcomes were
evaluated based on the following criteria: excellent results,
improvement of the neurological deficit; good result, cessation of
progression of the neurological deficit; and poor result, further
deterioration of neurological function.”®’ An MRI study was
performed during the follow-up consultation. The observation of
the syrinx cavity solution was recorded (Fig. 1).

2.7. Statistical analysis

All statistical analyses were performed using statistical software
(SPSS Version 21.0, SPSS. IBM Corp., Armonk, NY). The
continuous variables were expressed as the means+standard
deviation. Comparisons between 2 groups were analyzed using
the x* test (or Fisher exact test) for the categorical data and the ¢
test for the continuous data. P values <0.05 were considered
statistically significant.

3. Results

3.1. Preoperative characteristics

Table 1 shows the general demographic information of the
patients in this study. Thirty-two males and 71 females were
included in the study. All patients were more than 18 years old,
and the mean age was 40.66 years (range 19-62 years). The
mean symptom duration was 61.43 months. According to the
medical records, the mean total hospital stay was 20.28 days
and the mean postoperative hospital stay was 13.00 days. None
of the above 5 characteristics were significantly different
between the PFD and PFDD groups. A significant difference

was found in the preoperative hospital stay (in days) between
these 2 groups (P <0.001).

The CM-I patients presented to the Neurosurgery Department
with different symptoms. The symptoms were classified into 3
main groups: pain symptoms, nonpain symptoms, and func-
tionality. Among all the symptoms, the 3 most common
symptoms included the following nonpain symptoms: sensory
loss (70.9%), tingling and numbness (62.1%), and muscle
weakness (60.2%). Neck pain and back pain was the most
common pain symptoms (39.8%), and 56.3% of patients had a
mild impairment in the functionality (Table 2). No significant
difference was observed in preoperative symptoms between the
PFD and PFDD groups (P >0.05).

All of the patients underwent an MRI examination, and the
CTD and location of the syrinx were recorded. No significant
difference was found between the groups in the CTD and location
of the syrinx according to the statistical analyses (P> 0.05)
(Table 3).

3.2. Complications

The most common complication was aseptic meningitis (21/103,
20.3%), and the occurrence rate in the PFDD group (19/70,

Demographic information of PFD and PFDD.

All patients

Demographics (n=103) PFD (n=33) PFDD (n=70) P
Sex

Male 32 9 23

Female 71 24 47
Mean age, years 40.66+10.61 40.79+10.97 40.60+10.51 0.934
Symptom duration, 61.43+68.79 56.36+66.99 63.81+69.94 0.485

months
Hospital stay, days 20.28+9.29  22.64+1244 19.17+7.20 0.214
Postoperative hospital  13.00+8.05  13.06 +9.50 1297+7.34 0.958

stay, days

*P<0.05 difference between groups. PFD=nposterior fossa decompression without duraplasty,
PFDD = posterior fossa decompression with duraplasty.


http://www.md-journal.com

Chen et al. Medicine (2017) 96:4 Medicine
Table 2 Table 4
Summary of the preoperative symptoms. The summary of the complications.
All patients  PFD PFDD All patients PFD PFDD
Presenting symptoms (n=103) (n=33) (n=70) P Complications (n=103) (n=33) (n=70) P
Pain symptoms Reoperation 2 2 0 0.101
Headache 20 5 15 0.628 Wound infection 3 1 2 1.000
Neck pain and back pain 4 1 30 0.357 Aseptic meningitis 21 2 19 0.027
Upper extremity pain 27 8 19 0.755 CSF fistula 1 1 0 0.320
Nonpain symptoms Subcutaneous hydrops 3 2 1 0.482
Sensory loss 73 22 51 0.519 Other complications 3 2 1 0.482
Numbness and tingling 64 25 39 0.050 0,05 difference between groups
<. I ups.
MUSCle. weakness ) 62 17 45 0.217 PFD = posterior fossa decompression without duraplasty, PFDD = posterior fossa decompression with
Extremity paresthesia 1 1 0 0.300 duraplasty
Dysphagia 9 4 5 0.645 '
Dizziness 12 3 9 0.821
Tinnitus 3 1 2 1.000 12 patients in the PFDD groups could not be reached for long-
Ataxia 4 2 2 0811 term follow-up. One patient in the PFD group died before the 1-
Hoarseness 3 2 1 0.499 .. .
o year follow-up. The statistical analysis showed there was no
Hearing difficulty 1 1 0 0.320 .. . .
Gait disturbance ? 0 9 1,000 significant difference in the outcome results (excellent, good, and
Facial drooling 1 0 , 1000  Poor) at the short-term and long-term follow-up between the 2
Gagging 2 1 1 1.000  groups (Table 5).
Anidrosis 4 2 2 0.811
Functionality 0.692 . -
Unable to attend 0 0 0 4. Literature review
Moderate impairment (<50%) 34 9 25 A literature review was performed with the PubMed search
Mild impairment (>50%) 58 20 38 engine of the National Library of Medicine of the National
Fully functional 11 4 7

PFD = posterior fossa decompression without duraplasty, PFDD = posterior fossa decompression with
duraplasty.

27.1%) was much higher than in the PFD group (2/33, 6.1%).
Criteria of aseptic meningitis were positive CSF studies on lumbar
puncture with negative culture. Patient with aseptic meningitis
presented with fever, headache, and was response to steroids.'*!
Aseptic meningitis was the only significantly different complica-
tion between the 2 groups (P=0.027). There was no difference in
other complications such as wound infections, CSF fistulas, and
subcutaneous hydrops between the PFDD and PFD groups
(Table 4).

3.3. Outcomes

In this study, the patients’ clinical outcomes were recorded at 2
time points: short-term (after 1 month of follow-up) and long-
term (after 1 year of follow-up), through clinical visits, telephone,
and other means of contact. Nine patients in the PFD group and

The Radiographic characteristics.

All patients PFD PFDD

Preopertative MRI (n=103) (n=33) (n=70) P
Cerebellar tonsillar descent 0.297

Grade 1 21 9 12

Grade 2 16 3 13

Grade 3 66 21 45
Location of the syrinx 0.860

None 9 3 6

Cervical 24 8 16

Beyond cervical 70 22 48

Institutes of Health (http://www.ncbi.nlm.nih.gov/pubmed),
using the following Keywords “Chiari malformation,” “Chiari
malformation type I,” “posterior fossa decompression,” “poste-
rior fossa decompression with duraplasty,” and “posterior fossa
decompression without duraplasty.” The search was restricted to
English-language publications without date limitations.

5. Discussion

5.1. Preoperative symptoms and neuroimaging diagnosis

CM-I preoperative symptoms vary in different patients. According
to previous studies, the most common symptom is pain, including
occipital pain, neck pain, back pain, and upper limb pain.!->*1¢!
Other clinical manifestations include sensory loss, numbness and
tingling, muscle weakness, and ataxia. In this study, the
preoperative symptoms were classified into pain symptoms,
nonpain symptoms, and functionality based on the Chicago
Chiari Outcome Scale.'"® It is noteworthy that the most frequent

The follow-up and outcomes.

All patients PFD PFDD
Follow-up and outcomes (n=103) (n=33) (n=70) P
Short-term outcomes 0.560
Excellent result 72 23 49
Good result 24 9 15
Poor result 7 1 6
Long-term outcomes 0.248
Excellent result 63 16 47
Good result 17 7 10
Poor result 1 0 1
Dead 1 1 0
Loss of follow-up 21 9 12

MRI=magnetic resonance imaging, PFD=posterior fossa decompression without duraplasty,
PFDD = posterior fossa decompression with duraplasty.

PFD = posterior fossa decompression without duraplasty, PFDD = posterior fossa decompression with
duraplasty.
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symptom type in our study was nonpain symptoms, which is not
consistent with previous studies. A total of 58.3% of the patients
had mild impairment in functionality, which may affect their daily
life. Functionality should be given more attention when evaluating
clinical outcomes after surgery. Klekamp?!! analyzed a series of
371 CM-I cases and concluded that children exhibited higher
neurological scores than adults. This may be explained by the
postnatal growth of the cerebellum.?? The cerebellum reaches the
adult volume in the 2nd year of life after starting with only 15% of
its adult volume at birth.!*'-?!

Although CM-I can be diagnosed through a variety of imaging
modalities, MRI is considered the gold standard diagnostic tool
for CM-1. MRI can be used to evaluate CSF flow, which is an
important predictor of clinical outcomes.'!! Apart from the
phase-contrast MRI, diffusion tensor imaging is used to evaluate
the integrity of the brainstem and cerebellar white matter tracts
in CM-I patients. Recently, Ucar et al®®! demonstrated a new
useful sign for CM-I, namely the tonsillar blackout sign on
3-dimensional-SPACE. This sign is particularly useful for
distinguishing between symptomatic and asymptomatic CM-I
patients and patients who are likely to benefit from decom-
pressive surgery.”’! Additional anomalies such as basilar
invaginations and assimilations of the atlas to the occiput may
also be seen in CM-I patients. Other types of imaging tools, such
as computed tomography and X-ray, are more useful in
identifying these bony anomalies.

Is there any relationship between the clinical manifestations
and the severity of CM-I? In a study by Wu et al.**! the severity of
the clinical symptoms did not correlate with the degree of
cerebellar tonsillar herniation. However, Greenberg et al'’!
developed a preoperative Chiari Severity Index that integrates the
clinical and neuroimaging characteristics. This is a novel tool that
predicts patient-defined improvement following CM-I surgery,
aids in preoperative counseling, and stratifies patients in
comparative effectiveness trials.[*!

5.2. Nonduraplasty or duraplasty

Currently, no general consensus exists for incorporating
duraplasty in the surgical treatment of CM-L.[%13-16:26=311 g4 e
authors have advocated PFD is sufficiently effective, whereas
others have suggested adding duraplasty. Table 6 shows a
summary of the major studies that compare PFD and PFDD.
Some authors have concluded that the surgical outcomes between
PFD and PFDD are not significantly different, but the complica-
tion rate in PFDD is higher than in PFD. The results of this study
are consistent with this conclusion. The short-term and long-term
follow-up outcomes were similar. The only difference between
the procedures was the occurrence of aseptic meningitis (6.1% in
PFD vs 27.1% in PFDD). This difference may be related to the
fact that PFDD has more steps than PFD, and PFDD requires
opening the dura and suturing the dura with different types of
materials. This destroys the integrity of the original dura and
increases the risk of CSF-related complications. Patients
undergoing PFD may have preoperative complaints that recur
during the postoperative period and subsequently need to
undergo duraplasty operations.”!

Shweikeh et al®" evaluated 1593 patients who underwent PFD
and 1056 patients who underwent PFDD and compared the
complications and hospital charges in a large national study. The
patients who underwent PFDD experienced more reoperations
(2.1% vs 0.7%, P=0.001), more procedure-related complica-
tions (2.3% vs 0.8%, P=0.003), a longer length of hospital stay
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(4.4 vs 3.8 days, P=0.001), and higher hospital charges (USD
35,321 vs 31,483, P=0.01). Thus, the authors concluded that
PFDD is associated with significantly more complications and
immediate reoperations. PFD was shown to be more economical
by requiring fewer hospital resources. Overall, PFD is more
favorable for CM-I. However, according to McGirt et al, in
children with displacement of the tonsils below the inferior
border of the arch of the atlas, ultrasonography-indicated
osseous decompression alone was associated with a 2-fold risk
of symptom recurrence compared to decompression with
duraplasty.®* Duraplasty may be warranted in cases of tonsillar
herniation that extends below the C-1 lamina regardless of the
intraoperative ultrasonography findings.

5.3. The choice of the duraplasty materials

In PFDD, the choice of the materials for duraplasty remains
controversial. Autologous pericranium, fascia lata (autograft or
allograft), bovine pericardium, fetal bovine tissue, processed
collagen matrix, and synthetic fabrics have all been used for
duraplasty in CM-I surgery.**=7! In our study, autograft fascia
lata was used in 9 patients, and no complications were observed,
which is consistent with the results of previous studies.
Nonautologous dural grafts have been associated with numerous
complications including hemorrhage, bacteria and virus trans-
mission, fatal Creutzfeldt—Jakob disease transmission, foreign
body reactions, systemic immune responses, excessive scarring,
slower healing, premature graft dissolution, and wound dehis-
cence. Autogenous tissues have the advantage of being non-
immunogenic, nontoxic, readily available, and inexpensive.*”!
Abuzayed et al’®®! used an on-site muscle flap with a pedicle to
supply and vascularize the autologous fascia lata in 6 patients
with postoperative CSF leaks. In 5 of those patients, the CSF leaks
were successfully controlled without recurrence. Compared to
synthetic materials, autologous fascia lata are more viable and
produce less tissue response, which results in healthy healing of
the graft and/or flap, consequent closure of the defect, and
prevention of CSF leakage.*®! Autologous grafts were more often
preferred by neurosurgeons.

6. Limitations

The present study has all of the limitations of any retrospective
study design. The results of this study should be interpreted with
caution. A prospective multicenter study with a large and equal
number of patients in the PFD and PFDD groups might provide
sufficient data for an adequate comparison of these 2 techniques
to better define the indications and benefits. Also the follow-up
evaluation is needed to be replaced by a more objective method in
the further study.

7. Conclusion

To our knowledge, the clinical outcome of PFD is nearly identical
to that of PFDD in adult patients; however, the complication rate
is higher for PFDD, particularly for aseptic meningitis. Compared
with other synthetic materials, autologous fascia lata is more
reliable for PEDD because it produces fewer complications.
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